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I My frustration

* Exam question:
Compute (1-B) Y]t] if you know that
Y[t]=15,8, 2,3,7,1, 4}
BY[t] = Y[t-1]

I * Teaching Time Series Analysis



I My frustration

* Exam guestion:
Compute (1-B) Y]t] if you know that
Y[t]=15,8, 2,3,7,1, 4}
BY[t] = Y[t-1]

I * Teaching Time Series Analysis

 Result

— Less than 8% of students got it right.
- More than 90% of students could prove Wold's
decomposition theorem!



Conclusion?

| am an extremely bad educator.

| shouldn't have asked that silly question:
Students can only reproduce theories — they
are no required to understand them!

Or maybe there Is something wrong with our
approach towards statistics education?



I A new approach is needed

constructivism:

- Interaction & collaboration (peer review)
- Experimentation

- Responsibility (social control)

I * Within the pedagogical paradigm of (social)

=> |earning & computing technology

=> we need to Free Statistics of irreproducible
research

=> www.FreeStatistics.org



I Computing

Reproducible Research and the
Compendium



I Green's comment

complicated and computationally intensive
that the standard dissemination vehicle of the
16-page refereed learned journal paper is no
longer adequate. ...

Most statistics papers, as published, no
longer satisfy the conventional scientific
criterion of reproducibility: could a reasonably
competent and adequately equipped reader
obtain equivalent results if the experiment or
analysis were repeated?

I * Now the methodology Is often so

*Source: Peter J. Green



I Claerbout's principle*

scientific publication is not the scholarship
itself, it is merely advertising of the
scholarship. The actual scholarship is the
complete software development environment
and that complete set of instructions that
generated the figures.

I * An article about computational science in a

*Source: Jan de Leeuw



Jan de Leeuw's comments?*

First, there is no reason to single out figures. The same ""Principle" obviously
applies to tables, standard errors, and so on. The fact that figures often happen
to be easier to reproduce, does not preclude that we should apply the same rule
to any form of computer-generated output.

Second, there is no reason to limit the Claerbout’s Principle to published articles.
We can make exactly the same statement about our lectures and teaching,
certainly in the context of graduate teaching. We must be able to give our
students our code and our graphics files, so that they can display and study
them on their own computers (and not only on our workstations, or in crowded
university labs).

And third, and perhaps most importantly, it is not clearly defined what a
“software environment" is. Buckheit and Donoho apply the principle in such a
way that everybody who wants to check their results is forced to buy MatLab(R).
Not Mathematica(R), Macsyma(R), or S-plus(R). Those you may need to buy for
other articles. This violates the Freeware Principle...

*Source: Jan de Leeuw, Reproducible Research: the Bottom Line, 2001, online



I Sweave package

» Excellent solution (in general)
I » Somewhat impractical for education because
the student:
- IS required to DIE (Download, Install, Execute)

- must have a working knowledge of LaTeX and R
— must recreate a working compendium (for each

submission)
* Not designed with educational research In

mind: there Is no way to monitor/measure the
actual learning activities




Compendium

e Original definition:

An electronic collection of Text, Data and
Software that allows the reader to reproduce
the research that is presented in the document




Compendium

a

[ Text

[ Software

<

N

o

a

-

. Software

» lext

LaTeX

.~ Software

)

E Data

.

-
:

B
y

4

Tar, zip, rar, ...

R code




File Edit Action Settings

Help

EICRUE 2R R J¢)

B Search: [

Filename « Permissions | Owner | Group | Size Timestamp Link

(= GOstats drwxr-xr-x madman bioc 0B 06/01/04 08:30 pm

(= data drwxr-xr-x madman bioc 0B 06/01/04 08:30 pm

I ALLrda -MW-r--r-- madman bioc 12.6 MB 04/05/04 02:00 pm

| Bdists.rda -MW-T--T-- madman bioc 171.3 KB 04/05/04 02:00 pm

| Mdists.rda -MW-r--r-- madman bioc 171.3 KB 04/05/04 02:00 pm

(= inst drwxr-xr-x madman bioc 0B 06/01/04 08:30 pm

= doc drwxr-xr-x madman bioc 0B 06/01/04 08:30 pm

GOstats.bib -MW-T--T-- madman bioc 61.7 KB 04/11/04 11:33 pm

| GOstats.Rnw -MW-r--r-- madman bioc 48.7 KB 06/01/04 08:30 pm

GOstats.tex -MW-T--T-- madman bioc 6.2 KB 06/01/04 08:30 pm

1 GOvis.Rnw -MW-r--r-- madman bioc 14.7 KB 05/14/04 06:13 pm

= Scripts drwxr-xr-x madman bioc 0B 06/01/04 08:30 pm

I distance.R -MW-r--r-- madman bioc 4.1 KB 05/13/04 07:47 pm

I TESTP.R -MW-T--T-- madman bioc 2.1 KB 04/05/04 02:00 pm

man drwxr-xr-x madman bioc 0B 06/01/04 08:30 pm

| DESCRIFTION -MW-r--T-- madman bioc 497 B 06/01/04 08:30 pm

linstall.R -MW-r--r-- madman bioc 78 B 04/05/04 02:00 pm

(= R drwxr-xr-x madman bioc 0B 06/01/04 08:30 pm

W madman bioc 8.1 KB 06/01/04 08:30 pm

| GOhyptest.R -TW-F--T-- madman bioc 2.9 KB 04/05/04 02:00 pm

| shortestPath.R -MW-r--r-- madman bioc 3.1 KB 06/01/04 08:30 pm

triad.R -MW-r--T-- madman bioc 1.4 KB 04/05/04 02:00 pm

lzzz.R -MW-r--r-- madman bioc 411 B 05/05/04 10:25 pm

| R_PROFILE.R -MW-r--T-- madman bioc 78 B 04/05/04 02:00 pm

1 file selected 8.1 KB

33 files 13.1 MB




Compendium redefined

e New definition:

I A document with (open-access) references to
(remotely) archived Computations (including
Data, Meta-data, and Software) that allow us to
reproduce, and reuse the underlying analysis

e Complete separation of:
— text and computing
— computational result and computing infrastructure

=> the compendium platform is a tool for
collaboration, dissemination, and monitoring.
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Compendium Dynamics
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I Learning System or
I Educational Laboratory?

I Wwwwessa.net
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. Query —» R Framework ~e—
4 Engine
Reproduce
& Reuse
(Virtual)
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www.moodle.org » Environment -
Process
Measurements
: Compendium
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Examples of Compendia

http://lwww.wessa.net/download/tutorial.pdf
(Descriptive Statistics — Central Tendency)

http://lwww.wessa.net/download/tutoriall.pdf
(Time Series Analysis - Introduction)

Note: both documents are “work in progress”
Please, send corrections & suggestions to
patrick@wessa.net


http://www.wessa.net/download/tutorial1.pdf
http://www.wessa.net/download/tutorial.pdf

Screenshots



@ Multiple Regression - Free Statistics and Forecasting Software (Calculators) v.1.1.23-r1 - Mozilla
File Edit View History Bookmarks Tools Help I

« 5 -2 0 # [L http://www.wessa.net/rwasp_multipleregression.wasp VI [V|Google

A Server St... i |Eﬁmail-ln... b4 |Elug&5h... ¥ | TnCourse: A... ¥ |Elng&5h... P-4

Fixed Seasonal Effects
[inelude Monthly Dummies -]
Type of Equation
Linear Trend - |
Chart options

veidth:

A Multiple ...

R Code

=- lengthix[1,]}
=- lengthix[, 11}

iiin 1mn-13 {
i]in 1:ki {

2l1.1] =- x[1+1.1]1 - x[1.1]
b
i
 =- x2
I
hf (parz == 'Include Monthly Dummies'j{

[ Compue |

Summary of computational transac bon

Raw Input wlew raw input (R code)

Raw Output wlew raw output of R engine

Com puting bimes & second s

|:5l.hnur 'sir Ronald Aylmer Fisher' @ 12319201 24.24

Multiple Linear Regres sion - Es iimated Regres sion Equation

ongevallen(t] = + 2324063373102 77 -2 2o mmossso o t] s ] _svdaTazaasl LM 1] amdel oassz s7eem 2] 565 ] sameree ] mmz ] ool sesesd 2eeen] sl
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-1 lamemnaaz 37 TM LI -1 Tedmnssz a7amt + eft]

Multipls Linear Regression - Ordinary Least Squares

T-ETAT
variable |Parameter S0 = _ u!-‘ln.ﬂp—nlnu 1-t1l pwalus
(Intercept)| 2324 063373102 77 44 025000 |52 7837 0 0
x -6 Em0sAe0zes 10372 2alanln L] La]

Dg--

A framework for statistical software development, maintenance, and publishing within an open-access
business model, 2008, Computational Statistics




Computations are “blogged”

(not archived)

i Blog & Share - Free Statistics and Forecasting Softwar ' (Calc lataor: 1 w.1.1.33-rl - Mo zill

Eile Edit Wiew History Bookmarks Tools Help
4] - http:

Server Status ... 3  [~1Gmail - Inbox (... ¥ | |@) Blog & Share S... 3 | ThCourse: Applie... ¥ e Blog & Share 5... 3

http:/iwww freestatistics.org/) where it is permanently archived for referemce purposes. In addition wigitors of the
Blog can Discuss, Reproduce, and Reuse all Statistical Computations in the archive

fiwer, wessa net/blogshare, wasptout type=&id=B&command=blog&check=5un, 03 Aug 2008 04:33

intemational C... ¥

Submit your Statistical Computation Lo the FreeStatistics.org Archive

Field [Value

G~

Multiple Kegression (old)
Descriptive Statistics
Statistical Distributions
Hypothesis Testing
Statistics Education

|
Title —
(aptional, meaningful title) ||r'h.|= is my titla

keyword
Keywords

(opticnal, comma-delimited list)

statistics, assignment 5, hypothesis testing, any other

Academic citations
Computations Archive
Search Computations
R Project

FAQ

About Wessa nat
Powered by Linux

I computed this hypothesis test to answer question 3
in assignment 5|

Your Comments
(aptional, any meaningful text)

Server status page
History list

Google

* Web wessanet

Search

E-mail
(optional, private - this 15 required if you want ||'.Id.|'.|. 1ickiwessa. net
to edit/delete the post at a later time)

Type of Acocass )
(apticnal, do you want Lo grant everyone access | Public (anybody can access my computation) i
to your archived computation?)

Moratorium date

(enter the moratorium date - anly needed if |"|:"|".|"'|:' BMM-DD
"Moratorium' is selected in "Type of Accessa’)
Captcha

Diane

Blog & Share - ... 3
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B

workshop - OpenOffice.org/'Writer

HEE)

File Edit View Insert Format Table Tools Window Help
Equation Expand Config E - B & 8 & "% 0O- 3 - i :f
' [Default '~ | |Garamond |~ |12 v A 4 A B
L E;E;P;ﬁ;f‘;ﬁ;ﬁ;ﬁ "
Question 2: Investigate the prediction errors of the model that you
used in question 1. Are the underlying regression assumptions
B satisfied? |E|
— De Adjusted R-squared is gelijk aan 0,6412. Dit wil zeggen dat we 64% van de
' wijzigingen van het aantal verkeersslachtoffers kunnen verklaren. Het resterende
: gedeelte (36%) kunnen we niet verklaren aan de hand van ons model maar zijn
A bijvoorbeeld te wijten aan uitzonderlijlke weersomstandigheden.
r\:‘, Het volgende waar we heen zullen kijken is de Interpeolation Plot. De stippelliin op
Z deze grafiek geeft het werkelijke aantal slachtoffers weer. De volle lijn geeft het
aantal verkeersslachtoffers weler die voorspeld zijn door het model.
L.;, Actuals and Interpolation
. _E ™
: r'l N ﬂ f
. = ? o o o o
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We zien ook hier een dalende trend op lange termijn. Op het einde zien we een
structurele hreuk. dit is het effect van de seathelt law (-395) Fr treedt ook een

[44] (m] ] €

{

| »

Learning Statistics based on the Compendium and Reproducible Computing, Proceedings of the
International Conference on Education and Information Technology (ICEIT'08), Berkeley, San

Francisco, USA




Snapshot of “Blogged”
Computation

Reproduce at

L] Blog & Share Statistical Computations at FreeStatistics.org - Wessanet (=)=
Eile  Edit View History Bookmarks Tools Help

» - o ik | B http:fiwew, freestatistics, org/blogindex. phptv=date/2007/Nov/14/t11950 74007 ni0Tpurvacju0w.htm w | (G

A Server Status Page - Fre... 3 | [~1Gmail - Inbox (23] - patric... 3 | | Blog & Share Statistical Th Course: Applied Business ... 3 [l Blog & Share Statistical ... 3 &

Home = date = 2007 = Moy = ;|
Print Search Reproduce

5[ (0pens new wi

Title prody

aputation. Wed. 14 Nov 2007 14.04-40 0700 Cite the computation as follows

Cite this page as follows:

Statistical Computations at FreeStatistics.org, Office for Research Developfiient and Education, URL http:/fwww freestatistics.org/blog/da te/ 2007 Nov
A1 185074007 pid T punvacyludw him, Retrieved Sun, 03 Aug 2008 085802 + 0000

Lger-deflined keywords:

Cratazeries X

+ Texthox « » Textfile « = CEV «

1687 0 1508 0 15070 13850 16320 1511 015500 16300 1579 0 163302152 0 Z1480 1752 01765 0 17170 1558 0 1575 0 1520 0 1805 0 1800 0 17190 2008 0 2242 02478 0 2030 0
1655 0 16030 1623 0 18050 1746 0 17950 1926 0 16190 1902 0 22330 21592 02080 0 1768 0 1835 0 1560 0 1976 0 1853 0 1065 0 1680 0 1778 0 1976 0 2397 0 2654 0 2007 0 1063 0
167701541 02003 0 1813020120 1912 02084 0 2080021180 21500 1608 0 15030 15480 136201731 01798 0 1779 0 1887 0 2004 O 2077 0 2092 0 2051 0 1577 0 1356 0 1652
01362 015190 1421 0 1442 0 1543 0 16546 0 1561 0 19050 219 0 1473 0 1655 0 1407 0 1395 0 15300 13090 1526 0 1327 0 16270 17480 1953 0 2274 0 1648 0 1401 0 1411 0
1403 0 1304 0 15200 1528 0 16430 15150 1685 0 20000 22150 1956 0 1462 0 1563 0 14500 14460 1622 0 1657 0 1638 0 1643 0 1683 0 2050 0 2262 0 1813 0 14450 1762 0 1461
015560 1431 0 14270 1554 0 1645 0 1653 0 2016 0 2207 0 1665 0 1361 O 1506 0 1360 0 1453 0 1522 0 14600 1552 0 1548 0 1627V 0 17370 1941 0 1474 0 1458 0 1542 0 1404 0
1522013850 1641 01510 0 1681 01938 0 18680 1726 ¢ 1456 0 1445 0 1456 0 1365 0 1487 0 1556 0 1488 0 1684 0 1504 0 1850 0 1008 0 20790 1494 0 10567 1 12181 1168 1 1236
110761 11741 11391 14271 14871 14831 15131 1357 1 11651 12821 111010 12971 11651 12221 12684 1 1444 1 15751 17371 1763 1

Text written by user:
Done




Feedback (Peer Review)

@ ABS/SHW: Case: the Seatbelt Law - Mozilla Firefox =) (=)
Eile Edit Miew Higtory Bookmarks Tools Help
L v ﬂ &) http:/f193.190.124. 21/moodlesmodiworkshop/viewassessment. phptaid=B325 v | [ %
& Paralkels Business Autom... Server Status Page - Fre... 3 | [~ Gmail - Inboex (23] - patric... ¥ @ Free Statstics # | [e] ABS/SHW: Case: the Sea... X i
Element 1:|Evaluate Q1.
Weight: 1.00
Excellent Very Poor
Grade:

Element 2:|Evaluate (2.

Excellent Very Poor

Grade:
Feedback: |Hier staat alleen ean ink naar een berekening. Je had de r-squared waarden moeten bespreken.

Dws er s nog verbterng mogelijk aan ons model

Feedback:|Soms wat onduidelife uitleg over de p-waarde. |k mis ook wat concrete uitleg over de verschilende onderd

bepaskde assumbies voldaan hadden. Zo zip er twee voorwaarden voor een goed model: het gemiddelde van de voorspelingsfouten moet 0 Zin en het
gemiddelde moet constant zijn. Als we de voorspelingsfouten mallen in de central tendency calculator kunnen we zien dat aan deze assumties niet voldaan is

Submitting Peer
Review (feedback)
IS a good learning
activity — not a good
grading procedure

had je kunnen nagaan of de voorspellingsfouten zich aan

"Geen titel"

Dane

How Reproducible Research Leads to Non-Rote Learning Within a Socially Constructivist E-Learning
Environment, Proceedings of the 7th European Conference on e-Learning (ECEL'08), Cyprus
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Score by Median Feedback Length

[ [ [
(0,100] (100,200] (200,500]

Median Feedback Length



Female Bachelor Students Male Bachelor Siudents

120
120

100
100

40
# reproducible computations
&0

# reproducible computations
[ia]

20

[v] 20 40 [514] a0 100 120 [v] 20 40 G0 =] 100 120

R
8 g
I w
B i o
j = j =
E £
- | 4
] oo
[~] =]
B 3
o B
L g 2 g
m o]
= =
E E
i 8
= o
i 20 40 [514] Ba 100 120 -20 o] 20 40 G0 Ba 100 120
raported feedback submissions raported feedback submissions

Measurement and Control of Statistics Learning Processes based on Constructivist Feedback and Reproducible Computing,
Proceedings of the 3rd International Conference on Virtual Learning (ICVL '08), Romania

http://www.wessa.net/rwasp_icvi2008.wasp



I Conclusions & Future work

(for students)

 RC Improves statistics learning

» RC allows us to research learning activities
(based on actual — not reported — data)

I * Reproducible Computing can be made easy

* New features (social interaction,
collaboration)

* RC for scientists

» RC for scientific publishing
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